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ARSTRACT

Hexazinone (3¥-Cyclohexyl-f-(dimethyl-amino)l-l-methyl-1,3,5-
triazine-2,4(1H,34)-dicene) wWAas apnlied as the pelleted
formulation Pronone 173G and the liquid Velpar . formulation to
coastal pltain study sites near Barnwell, South Carclina and
Huahes Ystand Florida, respectively. These sandy sites were well
drained and surface runoff was not chserved at either sitn.
Pronone application resulted in a shift towards a grass dominated
understory. Pronone 129G anplication to the Rarnwell, SC site
resulte?d in no detectable groundwater residues up to 2 years
post-anpliration. Velpar L aoplication to the Hughes Tsland site
raogulted i1n no persistent detectable residucs in a down gradient
stream or pond, One positive hexazinone resicdue pond sample was
ohserved 15 days post-treatment after the first rcain event.
fignificant hexazinone residues (17-35 ophY were found in test
wells located within the treatment area 1 year post-application.
Hexazinone residues were not detecten in up  gradient, down
gradient or control well samples throughout the study period,

Tntroduction

Control of competing vegetation is one of the most important
steps  in forest site preparation in the southeast Coastal Plain.
While meachanical preparation is still]l used extensively, physical
site dearadation, accessihility problems on poorly drained soils,
and high cost have resulted in a gsignificant shift to chemical
werd control in the past 5 vears.

Hexazinone is reagistered for both site preparation and pine
release in southern pine culture., The herbicids is absorbed hy
rocts and readily translocated to active sites in the plant.
Some of the ahsorbed material is metabholized by the plant. n
sail, hexazinone 1s metabolized to some extent by microbes and
and several metahbolitrs have bheen identified {1V, Metaholism is
more complete in clay than in sandy soil (21, Where  there  is
sufficiont microbhial activity, the reduction of hexazinone to 002
is acconrplished, The half life of hexazinone in soil may ranae
from 1 month to 12 monthe, The movement of residues throuagh the
soil opraofile is known to he much faster in coarse than in  fine
textured soils (2, Hoy deep the compounds move, and to what
e¥tent they contaminate groundwater are not known.
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Hexazinone is relatively stable in water and shows little
tendency to hydrolyze over periods of up to 2 months (3). Tt is
slowly Aegraded in agueous solution under light and the princinal
photodegradation products are the Aemethylated and hydrexvlated
metabolites found in scil and plant tissues.

Cff site movement from upper Piedmont watersheds has heen
reported {4), Ffubsurface flow in the sandy loamy typic hapludult
s0ils was recorde?d several months following treatment. Recauso
potential movement throuah the deep sands of the central
highlands of Florida and the coastal plain would be faster than
that ohserved in the loamy soils of the mountains, it is
necessary to determine the potentiat for arcundwater
contamination in this area.

The objective of these study was to monitor the movement of
hexazinone to groundwater in tynical Farest manaqgenent
aoplications in the southeastern coastal plain. Hexazinone was
applied as the pelleted formulation (Pronone! or Velpar L and
aroundwater concrntrations of hexazinone wore measured.

METHODS
Site Descriovtion
Huahes Island Study Site: This site 18 locatesd on the
Hughes TLongleaf TIsland, Lake George Ranaer District, 0Ocala
National Forest, Marion County, Florida f(Figure 1). The

veaetation of the island is predominantly ltongleaf pine (Pinus
palustris) Mill.) with scattered sand pine (P. clausa {Chapm.)
Vasey! and clusters of hardwoods. The 14 ha study =site was
occupied by Turkey oak (Quercus laevis Walt.,) competition prior
to use 0f hexazinone for weed control and pine establishment.

Tha soil on the site was mainlv Astatula sand, a Typir
Ouartzipsamment found on level to agently sloping terrain (% to 9%
stope), This soil series is excessively drained, very ranidly
prrmeahle, ani low in fertility and orqaric matter rcontent,
These fdeep sandy soils comprise over 3G% of the 0Ncala National
Forest, To the south of the study =site tha terrain  slopes
through a band of Eustis sand (Thermic Psammentic Paleudults) and
into a pockat of Sellers sands (Hyperthormic Cumulic Humaaquents)

which surround & sinkhole lake, The Sellers soils are very
poorly drained sandy soil with ranid permeahility, hiah organic
matteor, and  moderate  fertility. A serics of springs in the

narthern pvortion of the Snallers scil roalesce and “low  southward
ahout 5% ™ toward the Huaghes Tslan” sinkhole,

Barnwell South Carolina Site (FPigure 11t: The Upprr Coastal
Plain  Prononc arnundwater monitorina study site was located on
Federal Paper Board's Jefferies Track (Barnuell, QCY, The qently
sloping study site (2-6% slopes) contains soils of the Dorhan
loamy-sand series on the hroad ridges with Fuaguay sandy soils  an
the lower slones. The creck bhottoms contain Johnston mucky sandy
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foam soils, These soils are typical of the highly productive
pine forest of the upper coastal plain of Georgia and South
Carolina.

The Dothan soil series consists of deep, well-drained soils.
Tn a representative profile, the surface laver is gravish-brown
Toamy sand about 17 cm thick. The subsurface layer is light
yellowish-brown sand about 17 cm thick. The upper part of the
subsoil, to a depth of 83 cm, is yellowish-brown sandy-loam, and
yellowish-brown sandy clay loam that contains plinthite, Water
nermeahility 1is wmoderate in the upper part of the subsoi and
moderately slow in the lower part. Runoff potential and the
available water capacity are morerate, The lower slope consists
of the Fuaguay soi1l series of deep, well-drained scoils with low
runoff potential. In a representative profile, the surface is
arayish-brown sand about 2% cm thick,. The subsurface layer 1is
light vyellowish-brouwn sand 3% cm thick. The upper part of the
subsoil is yellowish~brown sandy loam 28 em thick. The lower
part, extending to a depth of 2¢4¢ cm, is yellowish-brown and
strong-brown sandy clay loam that contains plinthite.
Permeability 1dis rapid in the surface and suhsurface layers,
moderatley vrapid in the upper part of the subsoil, and slow 1in
the lower part of the subsoil. Available water capacity is low.

Watershed Instrumentation

Hughes Tsland, Florida Site: Seventeen wells were installed on
the site to depths of approximately 7.5 m. The bottom 1.6 m foot
portion of each well was screened. Samples were collected
monthly. Because 0of the drought, it was not possihle to purge
the wells at each sampling period as originally wplanned. Wells
5, 11, 17, and 2% were located in the untreated check area,
Wells 16, 18, 20, and 22 were in the up gradient treated area,
Wells 6, 7, %, 14, and 14 were located doun gradient in the %est
plot areca, and wells 1, 2, 3, and 4 were down gradient. Based on
groundwater olevations, the ageneral hydroloqgic flow appears to be
from north to south with a slight west to east gradient,

There were two springs on the site. These two springs
gave rise to a stream which drained from just below the treated
area into a sinkhole pond approximately 45 meters below the
treated area. Samples collected from the springs were labeled
S1 and S2 to indicate the unper and lower springs, respectively,
Grab samples were collected weekly from the sinkhole lake located

below the treated area. Water samples for hexazinone analysis
were frozen in polypropylene hottles and shipped to USFS
Laboratory in Auburn, aAl, for analysis. All samples were

maintained frozen until analyzed.

Barnwell, South Carolina Site: Three monitoring wells were
installed on the Barnwell, South Carolina site during June-July
1987, Two well sites (#1 and #6) were located up gradient and
one down gradient (pond-well) of the Pronone treatment, Wiells
were lined with 5 cm PVC pipe and the wells were screened to
intercept the upper 1.5 meters of the saturated zone. Well water
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samples were collected by bailer, after recording the water
surface elevation and evacuating three well volumes. Well water
samples were collected monthly for two vears. Samples wers
placed on 1ice and delivered to the University of Georaia
laboratory where analysis was initiated within 24-48 hours,

A perennial stream located Aown gradient of the Pronone
treatment area was instrumented with V-notch weirs and Parshall
flumes. Stream water samples wore collected ahove and helow the
treatment area.

At the keginning of the study, depth to grounduater in the
deep well was 14 meters fup gradient well) below the surface
along the ridge, and was 1.7 meters near the stream channel.
Comparison of depth to groundwater hetween the deep wells and
shallow wells indicated the wells were screened in  separate
aquifers that were hydraulically connected,

As the study proagressed and the drought worsened, there was
a steady increase in depth to groundwater in both the shallow
ani deep aguifers. The trend over time of depth to groundwater
in both aguifers is the same and hoth aquifers appeared to have
similar responses +to the drought and the increase 1n rainfall
near the end of the study period,

In general, Aepth to groundwater on the ridge (Well 1) and
planted pine control (Well 6} declined approximately 3Im until the
spring of 1989 when water levels began to rise. Toetal recovery
by Augqust 1939 was about #.9m, leaving a deficit of about 2.1m
over the two year period, Increase  depth to groundwater alonag
the stream channel ranged from 1.7 to 1.4 meters and recovery
ranged from 1.5 to %.7m. The water table in all wells appeared

to decline and recover at the same rates,

Based on the qgroundwater elevations, the general hydrologic
aradient at the ridge and in the center of the site appears to be
from the west to the east diagonally across the study site at
about a -degree anale to the stream channel. Near the stream
channel, the flow is likely parallel to the channel., There wore
insufficient wells to construct a piczometric surface map for the
study site.

Herhicide Application

The Hughes Island Florida study site was treated with 1.7 kq
ai/ha hexazinone as Velpar L. Application was by ground-bhased
tractor mounted sprayer on 25-76 April 1985. Velpar L was mixed
with water and Polycontrol to provide approximately 374 [/ha
carrier.

The PBarnwell County, South Carolina site was treated with
Pronone 12 G at a rate of 2.8 kg ai./acre with an Omni spreader
in June 1987, The treated area was burned during October 1987
and pine seedlings were planted in Febhruary 1988,
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Residue Analysis

Hexazinone water samples from the South Carolina study were
axtracted with =ethyl acetate {(NaCl was added to facilitate
extraction). Hexazinone residue levels were analyzed using a
Tracor Model 565 Gas Chromatoqraph eaguipped with Tracor NP
Detector (Nitrogen-Phosphorous Specificl and Aual 3% meter larae
bore (d,.53mm) capiliary columns. The two columns consisted of
cupelco SP-5 and SPB-35, The gven was temperature programmed
from 15% to 275 C at 10C/min,

The extracts were initially screened on the SPR-5 Capillary

Column. Positive residues were confirmed Dy analysis utilizing
the SPBR-35 column. all residue levels were quantified by
comparison of sample peak heights with known analytical
standards. A reaaent bhlank and spiked samples were included with
cach set of analyses. Average recoveries ranged from 88.5 to
108 ,.0%,

analysis of samples from the Hughes Tsland Florida Study
Site for hexazinone content was conducted at  the Goorge W.

androws Forestry Sciences Laboratory, auburn, Alabama. The
method is s reversed-phase ligquid chromatographic method
{column: -1%: mohil phase - water: acetonitrile/27:73; flow
rate - 1.5 ml/min; UV deatection at 264 n mi.

Hexazinone was extracted and concentrated from water usina
solid phase extraction techniques with C-18 columns. Average
hexazinone recovery was 34.6%. A reagent blank and fortified
samples were included with each set of analyses.

RESUT.TS AND DISCUSSION
Efficacy

Rarnwel] Qite: Grasses, primarily Cynodon dactylon, Panicum
spp., and Andropogon sp., Werrs the predominant vegetative type on
the Pronone treated Barnwell site. Mean percent cover by grasses
(?78.6%) exceeded percent  cover  on o an adjacent mechanically
treated site (11.1%). Total biomass of qrasses was 737 kg/ha in
the hexazinone treated site and 227 ¥q/ha on the meochanically
treated site.

[Lrgqumes weore more abundant on the hexazinona site (pr.2¢
~over: 129 kg/ha) than on an adiacent mechanically prepared area
(2.4% cover: 11 kxa’/hal. Total fork production was hiagher on the
roller-chopped site (27.0% cover: 992 ka/ha) than on hexazinone
treatment (17.7% rover: 287 kg/hal. Dominant forks on the
Proncne treatod sites included Lesprdeza SPD. ., Cassia
fasciculata, Diodia teres, Traqia urens, and Croton granulosus.
Predominant species  on the raller-chopprd area were FErigeron

sop., Ipomoea snD., .ecechea villesa, and Diodia teres. Woody

vmqotatiaﬁ_fvines, shruks, treeos) likewise wero most abundant on
the mechanically trrated area (14.5% cover: 360 ka/ha) vs, the
Pronone treatment (4,.7% cgver: 245 kag/hal.
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Wildlife hahitat values of site preparation methods vary
with the habitat requirements of the particular wildlife species.
Forbh and woody vegetation production on the roller-chopped area

provided abundant forage for white-tailed deer (0Odocoileus
virginianus). Although total production of forbs and woody
vegetation was less on the chemical area, several preferred forb
species were as abundant or more abundant. The hexazinone
treated area producerd the greatest amount of legumes favored hy
bobwhite quail {Colinus virginianus). The heavy grass cover on
the chemically prepared sites likely favored many rodsent species
and provided summer foraging sites for wild turkey (Meleaaris
aallapavo). The preservation of snags on these areas provided

habitat for several cavity nesting or bark foraging birds as well
as raptors.,

Hughes Tsland Site: Hexazinone was offective in controlling
turkey oak as most stems and ground clusters were killed, There
was some mortality amonag the scattered sand pine. Longlea¥® pine
seedlings hurst out of the drass staage within the first vyear
after the control of the turkey oak. Grass«~s, nprimarily
Wwiregrass {aristida stricte’ and chauky bluestem ({(Andropogon
capillipes), were not affected by hexazinaone. T '

Rainfall

The total rainfall on the Barnwell, §C site for 1987, 1288
and the first half of 1989 was 105.7 cm, 92.2 cm and 4.7 cm,

respectively (Figure 2V, The 1987 annual rainfall was 7.6 om
helow normal and moest of the rainfall occurred prior to the
herhicide application. The 1988 rainfall was 2¢8.3 cm below

normal and the spring of 1%89 rainfall was 4.6 cm ahove normal.
Likewise the rainfall for the Hughes Tsland site was low.

Hughes Island Site: Rainfall for this part of central Florida
averages 1354 mm, with 52% occurring from June through Sepntember.
Rainfall for the summer months of 1984 was only 55% of normal.
During 198%, rainfall was #1% of normal, with all the deficit
occurring in  the first 5 months. Rainfall from June through
December was near normal, but did not eliminate the deficit for
the previous 12 months. Rainfall in 1986 was near normal.

Residues in Runoff

Velpar [ was apolied to the Hughes Island study site on
April 25, 1985 and the first rain event occurred 14 days later,
No surface runoff was obhserved, Water grab samples <collected
monthly from the spring down gradient of the treatment area were
found to contain no detectable hexazinone residues for up to 18
months after application (Figure 3}. A trace {3 pph) of
hexazinone was detected in one sinkheole pond sample collected
after the first rain event. No further detectable residue levels
were detected throughout the 18-month study period.

Pronone 199G was applied to the Barnwell, South CCarolina,
site in June 1987, No runoff was observed and analyses of pond
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arab samples collected 1-2 months after application resulted  in
no detectable hexazinone residues. hue to drought conditijons,
the pond went dry 6 months into the study.

Residues 1n Groundwater

Huaghes Island Site: Water samples rcollected from monitoring
wrlls installed +to depths of up to 7.5m were monitoared
periodically for 1 vear. Detortahle residues 17-35 ppb) were
ohserved in samples collected from plot wells (Table 1.
Approximately 1 year after apolication, no hexazinone resicdues
were detocted in the up aradient or control well samples. The
only detectable residues found in down qradient wells occurred
residues found in down aradient wells occurred after the first
rainfall event, This may represent sample cross contamination in
the fielé, since the time required for water applied to the
caurface aof *+ha tegt area to move to a “epth 27-2% feet offsite 1s
considerably areater than 1 to 2 days.

Barnwell Site: Nn Aetectable hexazinone residues were ohserver
in the control well or in the test area well located in the up
gradient nortion of the nlot {(Table 11, Nne detectable
hexazinone residue (3.6 pph) was observed in the down aradient
el 126 days after apolication. A1l other hexazinone
aroundwatcr samples were non-detectable.

The lower level of groundwater contamination observed at the
Barnwell, <outh Carolina site can be attributed to: {1} greater
denth  to ground water; {2) reduction in hexazinone levels by
burninag the Rarnwell site 3-4 months after application; and 3}
timing of rain events.

SUMMARY AND CONCLUSTONS

Hexazinone application for vegetation control on test plots
in the coastal plain A4id not adversely impact down gradient

surface water aquality. Hexazinone residue levels (3 ppb) were
Astected in only one sinkhole pond water grab sample from Hughes
Tsland®, collected after the first rain event. At the Hughes

Tsland study site, all other spring or sinkhole pond water
samples contained no detectable hexazinone residues.

In sandy soils with low organic matter, heaxazinone may be
cxprnrted to  reach shallow groundwator if heavy rainfall events
oCcur., Tn the current study, hexazinone residues were detected
in the Hughes Tsland Florida monitoring wells one year after
application, Only a trare of hexazinone was found in a Barnwell,
<puth rCarolina shallow, Aown gradient monitoring well 4 mnonths

after apnlicatian. Noo other Adetectanle hexazinone residues were
ahsorved at the Rarnwell, South Carolina study site. None of the
hexazinone ragidues measured In groundwater exceeded the

suagarstr? water guality standard for hexazinone.
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Hexazinone residue levels (ppb) in groundwater

samples collected from the Huaghes Island Florida
and the Barnwell, SC Study Sites.

Date

Island Florida

Hughes

16
76
219
25
19
17
1R
19
29

Barnwell,

14
14
A5
#9
14

a7

"4
w
%7
a4
25
a2
an
@1
Al
@7
a3
"9
14

May
Jun
Aug
Feb
Mar
Jun
Jun
Jun
Jul

Aug
Sep
Oct
Nowv
Nov
Dec

Jan
Feb
Mar
Apr
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Jan
Feb
Mar
Apr
May
Jun
Jul

1985
1985
1985
1986
1986
19846
1986
1986
1986

1987
1987
1987
1987
1387
1987

1989
1928
1988
1988
1933
198§
1988
1988
1988
1988
1988
1988
1988

JOR9
1989
19849
19849
1989
1989

South

21

4?2
117
347
3128
419
419
4240
460

Down

No Sample No Sample 3.9 ppb
No Sample No Sample < 1.9
No Sample No Sample < 1.9
No Fample No Sample < 1.4
No Sample Nn Sample < 1.4
No Sample No Sample < 1.4
No Sample {18,9,28.1 ppbh) < 1.4
No Sample {17.2,35.3 pph) < 1.4
No Sample No Sample < 1.4

Carolina

35
74
91
126
147
154

182
210
245
273
294
341
336
161
392
429
469
492
527

< 1.9 ppb < 1.% oppb < 1.2
< 1.7 < 1.9 < 1.9
< 1.4 < 1.4 < 1.8
< 1.4 < 1,4 1.62
< 1.4 < 1.4 < 1.9
< 1.9 < 1.4 < 1.9
< 1.8 < 1.8 < 1.7
< 1.4 < 1.4 < 1.4
< 1.4 < 1.4 < 1.4
< 1.8 < 1.9 < 1.8
< 1.4 < 1.8 < 1.0
< 1.9 < 1.4 < 1.9
< 1.4 < 1.6 < 1.9
No Sample No Samnple < 1.9
<1.@ < 1.9 < 1.@
<t1.A < 1.4 < 1.9
No Sample No Sample < 1.4
< 1.8 < 1.4 < 1.8
< 1.0 < 1.0 < 1.3
< 1.0A < 1.9 < 1.4
< 1.9 < t.@ < 1.0
< 1.9 < 1.0 < 1.9
< 1.3 < 1.9 < 1.4
< 1.8 < 1.4 < 1.6
< 1.4 < 1.0 < 1.2
< 1.9 < 1.6 < 1.9
< 1.9 No Sample < 1.9
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FIGURE 1. MAP OF BARNWELL, SOUTH CAROLINA (TOP) AND HUGHES
ISLAND, FLORIDA (BOTTOM) HEXAZINONE STUDY SITES. SHADED AREA
ON BARNWELL STUDY SITE WAS TREATED WITH PronoNe 10G.
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FIGURE 2. RAINFALL DISTRIBUTION FOR HUGHES ISLAND AND
BARNWELL SC. STUDY SITES. DAY ZzErRo FOR HUGHES ISLAND IS
JANUARY 1, 1985 aAnp January 1, 1987 ror BARNWELL SC.
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FIGURE 3. HEXAZINONE RESIDUE LEVELS IN SPRING AND SINKHOLE
WATER SAMPLES FROM HUGHES ISLAND, FLORIDA STUDY SITE.



